Irregular pill-taking may be an important factor in the pregnancy rate among users, 4 and in studies around the world, as many as 60% of women relying on the pill have reported irregular use. 5 Yet, family planning researchers studying women's use of the method have depended primarily on users' reports of a small number of variables that may or may not be related to pill-taking patterns. These variables have included such broad measures as contraceptive use at first or most recent intercourse, current method, and starting and ending dates for each method used during a retrospective period; the data have been based on global reports of the regularity of use, more specific self-reported numbers of pills missed in any month and, in clinical trials, daily diaries. The daily diary remains the standard technique for measuring oral contraceptive use in rigorous clinical trials.
Compliance with drug regimens prescribed to treat infertility, epilepsy, hypertension and diabetes has been assessed through pill counts and measurements of serum concentration of the medication. Pill counts may substantially overestimate compliance, 6 because patients may remove unused medication from the package at any time and thus can "dump" pills just before making a physician visit. In addition, estimates of compliance based on pill counts are vulnerable to missing data because many patients do not bring their medication container to follow-up visits, even when considerable effort is devoted to reminding them. 7 Further, the timing of pill-taking can- 
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1 However, pregnancy rates as high as 16% and 40% have been reported in certain subgroups of women attending family planning clinics. 2 Pregnancies among pill users may be due to any combination of high fecundity, other physiological factors (such as the effects of countervailing medications or extreme gastrointestinal upset) 3 and irregular pilltaking without compensatory measures to provide contraceptive protection. not be determined from pill counts. 8 Serum concentrations are somewhat more accurate as indicators of compliance, but their utility depends on the pharmacokinetics and pharmacodynamics of the medication and the interval between blood, urine or saliva tests. 9 Because use generally improves just prior to a medical visit, 10 and most medications have relatively short half-lives, most physiological tests reflect medication-taking only for the most recent days, and results are not representative of an entire month or a longer period.
In recent years, electronic monitoring devices installed in a variety of medication dispensers (bottles, pill packs, droppers and nebulizers) 11 have been widely used to record the presumptive taking of cardiac, epilepsy and other medications. 12 Typically, a battery, clock and microchip are incorporated into circuitry attached to the dispenser, and when a dose of the medication is dispensed, the microchip records the date and time. At the completion of the study, or at specified intervals, the dispenser is attached to a communication device and the data are downloaded to a computer.
The most widely used electronic device is the Medication Event Monitoring System (MEMS). Its clock is of proven accuracy, and the device records fewer false positives or false negatives than are reported through visual observations. 13 Although electronic monitoring devices cannot document that a pill has been ingested, presumptive pill-taking is broadly viewed as a valid measure of actual pill-taking. 14 The validity of electronic records has also been substantiated by the reappearance of symptoms (for example, clinical episodes of seizures or increased blood pressure) among patients who were shown by the electronic data to have missed or delayed doses of other medications. 15 In addition, when blood levels of the drug have been measured, the results have generally been in accord with those predicted by the electronic records. 16 Given the discrepancies between electronic data and self-reports that have been recorded for medications other than oral contraceptives, it is reasonable to ask whether irregular pill use is more com- Family Planning Perspectives the dispenser's opening. When the pill was removed, it broke the light beam, causing the random-access microchip to record the exact time and date of removal.
Each woman received a precoded dispenser that she used throughout the study; each month, clinic or study personnel installed a new cycle of pills. Upon completion of participation in the study, the women were asked to return the dispenser to the clinic. Thirty women (most of whom did not complete the study) did not return them, despite study personnel's repeated requests. The 138 devices that were returned were sent to the manufacturer, who used proprietary software to download the data onto a diskette.
The electronic data were valid for 110 of the women who returned the device. (The pill pack did not have an automatic closure, so if it was left open, the battery drained and all data were deleted; data were also lost for other, unknown reasons.) Of these women, 103 also had at least one cycle of diary data and had completed the baseline questionnaire. Both electronic and diary card data were available for all 103 women for cycle 1, for 95 women for cycle 2 and for 89 women for cycle 3; data for all three cycles were available for 87 women.
As in other studies using electronically augmented pill bottles, the operational definition of a pill-taking day is the period between 3:00 A.M. and 2:59 A.M. This time frame is more realistic than the standard midnight-to-midnight definition, as it allows for late-night schedules, which are an issue especially on weekends. With this scheme, a consistent oral contraceptive user who takes her pill at 11:00 on Thursday night, then 1:00 on Saturday morning and 11:00 Saturday night is appropriately credited with taking one pill each day, rather than one on Thursday, none on Friday and two on Saturday.
Although a full pill cycle consists of 28 days, active hormonal pills are taken only during the first 21 days; inactive "reminder" pills (placebos) are taken for the last seven days. Only events during the 21 active pill days of a cycle were used in the analysis. Cycle-specific estimates were calculated using SAS, and averages across cycles were calculated using SUDAAN. With SUDAAN, the correlated responses across cycles were considered in the calculation of the variance estimates.
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Results
The background and reproductive characteristics of the women included in the analysis did not differ significantly from mon than reported by users themselves. The purpose of this article is twofold: to examine the extent of agreement between users' daily diary reports and data from electronically augmented pill packs, and to estimate the degree of compliance with the instructions for effective use typically provided in clinical practice. Documenting the extent of agreement between users' reports and electronic reports of compliance is important to understand any biases in the use of self-reports.
Methods
Data Collection
Data for this study were collected at a university health service and a publicly funded clinic in each of two states, North Carolina and Michigan, in 1993-1994. All patients aged 18 or older who voluntarily chose the pill as their method of birth control, whether they were electing to use oral contraceptives for the first time or were resuming use six months or more after discontinuation, were asked if they wished to participate in the study. They were told that this was a study of how women take the pill, and that they would be given a dispenser with an electronic device that monitors when they take their pills.
After giving their informed consent, 168 women enrolled in the study (68 in North Carolina and 100 in Michigan). Participants completed a baseline questionnaire and received a free cycle of pills. They returned to the clinic at the end of each of the next two pill cycles to complete another questionnaire and obtain another free cycle of pills. At the end of the third cycle, they completed a fourth questionnaire and were given three more free pill packages in appreciation for completing the study.
In addition to using the electronic dispensers, the women were asked to keep a diary of their daily pill-taking, when they started each pill pack, days of menstrual bleeding, side effects, days when sexual intercourse occurred and what backup method of contraception they used, if any. At each visit, the woman received a monthly diary card (formatted as a calendar page, with space for daily entries) on which to record this information. Careful instructions were given, and examples provided, to facilitate consistent and correct completion of the diary cards.
The pill formulation the women received was a commercially available brand, in its normal packaging, with the addition of a thin casing on the bottom that held the monitoring device.* Each time the pill dispenser was opened, the battery was activated, switching on a light beam across those excluded. On average, the women in the sample were 20.9 years of age and had had 13.7 years of education. As shown in Table 1 , participants were most likely to be white (75%) and not married (93%). Although 89% of the women had no children, 18% had been pregnant.
Women from the student health and public health centers differed significantly with respect to a number of characteristics. Compared with participants from the public health clinics, the students had a higher mean number of years of education (14.1 vs. 12.5 years-not shown) and were more likely to be unmarried (97% vs. 81%); they were less likely to have previously used the pill (31% vs. 62%), to have children (3% vs. 31%) and to have ever been pregnant (8% vs. 46%). ability around these means, as measured by the standard error, was small and did not increase over time. † The proportion of women whose diary and electronic data agreed on how many doses were missed declined from 55% in the first cycle to 41% in the second and to 38% in the third cycle. In each cycle, as Figure 1 shows, a much higher proportion of participants reported missing no active pills than missed no pills according to the electronic data (for example, 58% vs. 33% in cycle 1); the proportion missing one or two pills was similar regardless of data source. The most important difference was that the proportion of women whose diaries indicated they had missed three or more pills was much smaller than that recorded electronically. In cycles 1 and 2, 10% of women reported missing three or more pills, whereas the electronic data indicated that 30-34% missed that number. For cycle 3, the proportion was 14% from the diary records and 51% from the electronic data. On the other hand, very few participants overreported their errors; for example, two women did so in cycle 1 (not shown).
The electronic data also present an opportunity to examine pill users, absolute level of compliance. The proportion of women whose electronic data indicated that they missed no pills declined from 33% in cycle 1 to 19% in cycle 3, while the proportion missing three or more pills increased from 30% to 51%.
Data from the electronic devices revealed far more episodes of consecutive days of missed pills than did the self-reports (Table  3) . Whereas the diary data recorded 30 episodes of women's missing pills on two, three or more consecutive days, the elecAs Table 2 shows, when averaged across cycles, the diary and electronic data agreed on the number of active pills missed for only 45% of the study participants. This figure did not vary significantly by site or by any of the women's background characteristics except education. The result for education, however, may have been unstable because of the small number of participants who had not completed high school.*
In the diary data, women reported having missed 1.0-1.1 pills per cycle. The electronic data showed that overall, participants missed an average of 2.6 pills, and the number increased over time, from 2.2-2.3 in cycles 1 and 2, to 3.5 in cycle 3. Thus, by cycle 3, participants were missing an average of one more pill than they had in cycle 1, and three times as many as they reported in their diary data. Varitronic data reported 88 such instances. Furthermore, the number of such episodes reported by the diary data was fairly stable throughout the study period, increasing only slightly in cycle 3; the electronic data, by contrast, showed the number doubling between the second and third cycles.
Finally, both sources of data showed that women were most likely to miss pills on Fridays and Saturdays; however, agreement between the diary and electronic data was worst on those two days and deteriorated slightly from cycle 1 to cycle 3. In 98% of cases, both data sources agreed that each new pill pack was started on a Sunday, as instructed at all four clinics.
Discussion
As has been found for other medications, diary cards overreport the consistency with which women take oral contraceptives. In some cases, this problem may be due to conscious misreporting of daily data. However, delayed recording may be a greater problem. Some of the women may have completed their diary cards weekly or less often, at least part of the time. Since pill-taking is likely to trigger the recording of the diary entry, women who miss the most pills are probably the most likely to enter their diary data intermittently.
If women did not record their pill-taking daily, but did it at a later time in a mechanical way, much as office workers or clinic staff may complete daily time sheets or expense reports, their diary data might be influenced by memory errors and response bias. In other words, discrepancies between diary cards and electronic data were not necessarily due to deliberate concealment of "incorrect" behavior. Instead, the diary 156 Family Planning Perspectives *Kappa statistics were calculated for each subgroup comparison. The kappa for education was close to zero, indicating the relationship was random. Because none of the other differences were statistically significant across cycles, their kappas are not reported here. †The extent of agreement between diary and electronic data on when pills were missed and on whether or not missed pills were made up the following day remains to be analyzed.
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three cycles. Thus, it seems that a followup appointment does not necessarily act as a memory jog; if it did, compliance would decline even more over time in routine clinical care, when monthly return visits are not required. Rather, compliance "fatigue" may be due to the characteristics of women who continued in the study, as compared with the characteristics of those who dropped out. While one might expect study dropouts to be the ones with the most difficulty in following directions for use, data on pill-taking from Colombia and on continuation among North Carolina women using an injectable contraceptive revealed that compliance was no worse among women discontinuing the method than among ongoing users. 21 It is difficult to speculate about the precise reasons for the downward trend in daily pill-taking; boredom, overconfidence and self-selection, among other factors, all may play a role. Clearly, this issue should be studied in order to determine how women's attitudes change over time. In addition, longer studies are needed to determine if compliance plateaus, continues to worsen or improves over extended periods of time.
Our analysis addresses the total number of pills missed in a cycle and the number of episodes in which pills are missed on two or more consecutive days, which would increase the risk of pregnancy unless a backup method of contraception was used. It does not, however, consider how the timing of pill-taking or repeated brief episodes of missed pills affect the risk of pregnancy. Analysis is under way to identify the timing of missed pills and related events, such as the use of a backup method. Only with this information can we understand the magnitude of the effect of various patterns of irregular pilltaking, as well as the number of missed pills, on the risk of pregnancy.
More research is needed, with larger samples and over longer periods of time, to determine whether the findings of this small exploratory study can be replicated and whether the pill-taking patterns found here change with long-term use. Unfortunately, the electronic device used for this study was experimental and is no longer being manufactured. Until suitable electronic monitors become available, we recommend that research efforts be devoted to other measures that can provide an important quality of the electronic device: recording that is not triggered by pilltaking. Telephone diaries, time-stamped computerized diaries, two-way beepers and similar measurement techniques have card may not be the best technology for accurate record-keeping of daily events.
Our finding that the discrepancy between self-reported and electronic data does not seem to differ by personal characteristics is a new one and could be due to the relative homogeneity of the study population. However, if this finding can be generalized, the amount of error introduced by self-reports in previous studies would not differ by the background characteristics investigated here, except possibly education. For clinicians, this finding means that self-reports of pill-taking need to be followed by further assessment of all users, depending on indirect clinical indicators, including side effects, not demographic characteristics or reproductive history. The most telling indicator may be irregular bleeding, including spotting. 18 The increase between cycles 1 and 3 in the proportion of women who missed three or more pills shows that the women in this sample became less careful about their pill-taking behavior over time. This change may reflect women's learning to make up for occasional missed pills and setting a personalized schedule of use that they consider "effective enough." Or it could signal "fatigue" in conscientious use. Some studies have found that visits to the doctor or clinic serve as a memory jog, increasing correct pill-taking near times of visits.
19 A third hypothesis is that each time an oral contraceptive user makes an error in pill-taking but does not become pregnant, her sense that she can "get away" with irregular use increases. 20 In our study, participants returned to the clinic each month for a supply visit, yet their daily pill-taking compliance, as well as the extent of agreement between diary and electronic data, deteriorated over the been suggested. 22 These techniques should encourage contemporaneous recording of the event of interest; in any case, the time and date of recording could be included in data analysis.
Study designs requiring interviews at one-or two-week intervals and including carefully constructed self-report measures on specific use behavior may also provide more adequate data about the quality of pill-taking and about how much compliance is "enough." 23 A woman's success in avoiding unintended pregnancy depends on her fecundity, her frequency and timing of intercourse, the contraceptive method she uses and the quality of her use of that method. 24 Accurate measurement of the quality of use is critical to progress toward understanding the impact that use behavior has on implementing a woman's intention to avoid pregnancy once she has chosen her contraceptive method. 
